Mechanistic studies of the T4 DNA (gp41) replication helicase: functional interactions of the C-terminal Tails of the helicase subunits with the T4 (gp59) helicase loader protein.
We compare the activities of the wild-type (gp41WT) and mutant (gp41delta C20) forms of the bacteriophage T4 replication helicase. In the gp41delta C20 mutant the helicase subunits have been genetically truncated to remove the 20 residue C-terminal tail peptide domains present in the wild-type enzyme. Here, we examine the interactions of these helicase forms with the T4 gp59 helicase loader and the gp32 single-stranded DNA binding proteins, both of which are physically and functionally coupled with the helicase in the T4 DNA replication complex. We show that the wild-type and mutant forms of the helicase do not differ in their ability to assemble into dimers and hexamers, nor in their interactions with gp61 (the T4 primase). However they do differ in their gp59-stimulated unwinding activities and in their abilities to translocate along a ssDNA strand that has been coated with gp32. We demonstrate that functional coupling between gp59 and gp41 involves direct interactions between the C-terminal tail peptides of the helicase subunits and the loading protein, and measure the energetics and kinetics of these interactions. This work helps to define a gp41-gp59 assembly pathway that involves an initial interaction between the C-terminal tails of the helicases and the gp59 loader proteins, followed by a conformational change of the helicase subunits that exposes new interaction surfaces, which can then be trapped by the gp59 protein. Our results suggest that the gp41-gp59 complex is then poised to bind ssDNA portions of the replication fork. We suggest that one of the important functions of gp59 may be to aid in the exposure of the ssDNA binding sites of the helicase subunits, which are otherwise masked and regulated by interactions with the helicase carboxy-terminal tail peptides.